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ABSTRACT — Fluorescence, light, and electron microscopic observations of the carotid labyrinth of the 
newt Cynops pyrrhogaster showed the presence of glomus cells in the intervascular stroma of the 
labyrinth. These cells contain many dense-cored vesicles (60nm-100nm in diameter) and their 
ultrastructure was similar to that of glomus cells reported in many other animal species. In some glomus 
cells, there were intranuclear inclusion bodies (0. 1-0.3 p m in diameter), and long processes were in 
close contact with endothelial cells or with pericytes, which have not been reported in the carotid 
labyrinth so far. Two types of synapses (efferent and afferent) were found on the glomus cell surfaces. 
So-called reciprocal synapses were also found. On the basis of these findings, I conclude that the newt 
glomus cells may have a secretory as well as a chemoreceptor function. 


INTRODUCTION 

Amphibian carotid labyrinths have been mor- 
phologically studied by many workers (see 
Adams)[l]. Ishii et al. [2] confirmed in physiolo- 
gical experiments that they have an arterial che- 
moreceptor function analogous to that of the 
mammalian carotid body. The anuran carotid 
labyrinth contains glomus cells similar to those in 
mammalian carotid bodies and is innervated by 
glossopharyngeal and sympathetic nerves [3, 4]. It 
has been thought that the glomus cell functions as 
an element of the arterial chemoreceptor. In 
electron microscopy of the Xenopus carotid labyr- 
inth, close contact of glomus cells with smooth 
muscle cells was reported, suggesting that the 
labyrinth might have another function other than 
chemoreception [5]. Most of the ultrastructural 
and physiological studies of the carotid labyrinth 
have been performed on anurans, and there are 
only a few morphological reports on the carotid 
labyrinth in urodelans [6, 7]. In the present study, 
some ultrastructural characteristics of the newt 
glomus cell which are different from those pre- 
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viously described in other amphibia are reported. 

MATERIALS AND METHODS 

Fifteen Japanese newts, Cynops pyrrhogaster, of 
both sexes weighing 8-10 g were used. The anim- 
als were anesthetized with urethane (5 mg/g body 
weight), and the region of the carotid labyrinth 
was exposed on both sides. Through a thin nylon 
tube inserted into the aortic trunk, the labyrinth 
was washed with Ringer solution and perfused 
with fixatives, then removed from the body. For 
fluorescence microscopy, specimens were im- 
mersed in Grillo’s fixative [8] at 4°C for 20 hr. 
They were sectioned transversely at 60 pm. 
Observations were made with a fluorescence 
microscope (Olympus BHF) equipped with a HBO 
200 high pressure mercury lamp, UG-5 and BG 
excitor filters, and a Y-475 barrier filter. For 
electron microscopy, the labyrinth was immersed 
in 2.5% glutaraldehyde in 0.1 M cacodylate buffer 
(pH 7.3) at 4°C for 3 hr. After being washed in 
buffer solution, the specimens were divided into 
small blocks and postfixed in 1% osmium tetroxide 
buffered with 0.1 M cacodylate for 1 hr. After 
dehydration in a graded ethanol series, the speci- 
mens were embedded in Epon-alardite mixture. 
Sections of 1 pm were stained with toluidine blue 
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for light microscopy. Ultrathin sections were cut 
serially and double-stained with saturated uranyl 
acetate and Reynold’s lead solution, electron 
micrographs were taken with a JEM 200-CX elec- 
tron microscope at 80 kv. 


RESULTS 

Light and fluorescence microscopy 

The carotid labyrinth had a maze-like structure 
consisting of the sinusoidal plexus and intervascu- 
lar stroma. The stroma contained 6 main types of 
cells: glomus cells, smooth muscle cells, pericytes, 
fibroblasts, mast cells, and endothelial cells. The 



Fig. 1. Lighi micrograph of a toluidinc blue-stained section of the carotid labyrinth. A glomus cell (arrow) is located 
near the lumen of a sinusoid (L). E, endothelial cells; Sm, smooth muscle cells. Scale bar, 20 jum. 

Fig. 2. Fluorescence micrograph of the carotid labyrinth. Two greenish-yellow fluorescent cells (arrows) with long 
processes (arrowheads). L, lumen of sinusoid. Scale bar, 50 /nn. 
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Fig. 3. A) Electron micrograph in low magnification of the glomus cell. The glomus cell (the boxed area in Figure 1) 
contains numerous cytoplasmic granules. Cp, cytoplasmic projection. Inb, intranuclear inclusion bodies; L, 
lumen of sinusoid; Nf, nerve fiber. Scale bar, 5 ^m. B) High magnification of the intranuclear inclusion bodies. 
Between bodies small dense materials lie in a uniform array at regular intervals (arrowheads). Scale bar, 0.2 ^m. 
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glomus cells had pale cytoplasm and a large oval 
nucleus, and were located singly or in clusters (50- 
60 pm in diameter) of 3-4 cells between connec- 
tive tissues and smooth muscle cells (Fig. 1). In 
fluorescence microscopy, the glomus cells were 
identified as small, intensely fluorescent (greenish 
yellow) cells with long processes (Fig. 2). 

Electron microscopy 

The sinusoidal wall was composed of extremely 
thin endothelial cells. In the subendothelial stro- 
ma, several cellular elements and extracellular 
components such as collagenous fibers and amor- 
phous ground substance were located. Enveloped 
by thin processes of supporting cells, the glomus 
cells were located in the vascular stroma singly or 
in clusters (Fig. 3A). Occasionally, a part of cell 
surface was directly in contact with the connective 


tissue, losing its covering of supporting cells. Be- 
tween the clustered cells desmosome-like junctions 
were often observed. The cells were usually oval. 
A single oval nucleus contained dispersed clumps 
of heterochromatin. Near the nucleolus, a group 
of electron-dense inclusion bodies of various sizes 
(0. 1-0.3 pm in dimeter) was sometimes observed 
(Fig. 3A). At high magnification, many small 
dense particles were attached to the surface of 
intranuclear inclusion bodies (Fig. 3B). 

Numerous dense-cored vesicles (60-100 nm in 
diameter) were scattered throughout the cyto- 
plasm. Coated pits were often found on the 
surface of the cell body and its processes (Fig. 4). 
A well-developed Golgi complex was found in the 
perinuclear area, and in its vesicles small newly 
synthesized low-density granules were seen. A 
relatively small amount of granulated endoplasmic 



Fig. 4. Two membrane invaginations of the cytoplasmic processes (CP) of the glomus cell. Extruded content has 
almost dissolved. Arrows indicate membrane invaginations. Dev, dense-cored vesicles. Scale bar, 0.2pm. 
Fig. 5. Residual bodies (arrows) in the glomus cell. Myelinated inclusions, small vesicles and a small vacuole can be 
seen. Dev, dense-cored vesicles; Mt, mitochondria, Ne, nerve ending. Scale bar, 0.5 p \ n 
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reticulum, numerous free ribosomes and oval elon- 
gated mitrochondria were dispersed throughout 
the cytoplasm. Centrioles were located near the 
nucleus. Large residual bodies, a kind of lyso- 
some, were also observed. They were round and 
about 0.7 jum in diameter with myelinated inclu- 
sions and small vesicles (Fig. 5). Losing their 
covering of supporting cells, long thin cytoplasmic 
projections of the glomus cells extended toward 
the endothelium. Some of them were longer than 
20 jjl m and closely associated with the endothelial 
cells (g-e connection) (Fig. 6A) or with the peri- 
cytes (g-p connection) (Fig. 6B) without visible 


intervening substances. 

Enclosed by supporting cells, nerve endings lay 
close to the glomus cells to make synapses. Two 
types of synapses were distinguished on the glomus 
cell. Most of the large synapses were morphologi- 
cally efferent and were characterized by the accu- 
mulation of clear vesicles (40-60 nm in diameter). 
At the junction the membrane of the nerve ending 
was thicker than the cell membrane (Fig. 7A). 
Small afferent type synapses were sometimes 
observed; specialized membrane thickenings were 
conspicuous on the cell membrane where dense- 
cored vesicles were aggregated (Fig. 7A). So- 



Fig. 6. A) Three cytoplasmic processes extend into the intervascular stroma. The inner two processes lose the 
covering of supporting cell cytoplasm (S), and luminal one makes g-e connection (arrow). Cf, collagenous fiber; 
Dev, dense-cored vesicles; E, endothelial cell; L, lumen of sinusoid; Mt, mitochondria; Pv, plasmalemmal 
vesicles. Scale bar, 1 ^m. B) A pericyte (Pc) directly connect with the process of a glomus cell (arrow). E, 
endothelial cell; f, filaments; L, lumen of sinusoid. Scale bar, 1 ^m. 
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Fig. 7. A) Synaptic junctions between the glomus cell and nerve ending. The arrow and arrowheads indicate 
efferent and afferent type synapses, respectively. One nerve ending (Ne-1) which contains numerous clear 
vesicles and some mitochondria synapses with the glomus cell (Gc). The synapse shows asymmetrical membrane 
thickning on the Ne-1 side. Many synaptic vesicles accumulate at this junctional region (arrow). Another nerve 
ending (Ne-2) without clear veiscles synapses with the same glomus cell (Gc). Asymmetrical membrane 
thickenings are found on the glomus cell side. A few dcnsc-cored vesicles aggregate at this synaptic region 
(arrowheads). Scale bar, 0.2 //m. B) So-called reciprocal synapses between the glomus cell and nerve ending. 
The arrow and arrowhead show efferent and afferent type synapses, respectively. A and B are semi serial 
sections. Scale bar, 0.2 ^m. 


called reciprocal synapses consisting of efferent 
and afferent type synapses on the same nerve 
ending were also observed (Fig. 7B). 


DISCUSSION 

The carotid labyrinth of the urodelcs consists of 
a vascular maze [1,9] and contains cells with many 
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dense-cored vesicles [6]. The present electron 
microscopic study in the newt Cynops pyrrhogaster 
showed that these cells (glomus cells) are situated 
in the vascular stroma as isolated cells or in clusters 
of 3 or 4 cells, and their ultrastructure is similar to 
that of glomus cells observed in arterial che- 
moreceptor regions of anurans [4, 10]. In the toad 
Bufo vulgaris, the carotid labyrinth has been phy- 
siologically confirmed to have an arterial che- 
moreceptor function similar to that of the mamma- 
lian carotid body [2]. The glomus cell has long 
been known to be a chemoreceptor, but in recent 
years it has been postulated to have a secretory 
function as well [5, 11]. Although there is no direct 
evidence, the structural characteristics of the newt 
carotid labyrinth point to a chemoreceptor func- 
tion, in which the glomus cells play the main role. 

In the present paper, I have reported for the first 
time the presence of intranuclear inclusion bodies 
in the glomus cell nucleus. Intranuclear inclusion 
bodies have been observed only in clearly defined 
secretory cells: in the intestine [12] and in the 
colon [13] of the horse, in the epididymis of the 
dog [14], and in the adenohypohysis of the rabbit 

[15] . Although their origin and role are as yet 
unknown, they may be considered a characteristic 
feature of the secretory function. This finding may 
indicate a secretory function of the glomus cell as 
stated above, or it may show that intranuclear 
inclusion bodies exist in more extensive cell do- 
mains than so far accepted. 

In addition, the g-e connection was observed for 
the first time in amphibian glomus cells. Kondo 

[16] and Ookawara et al. [17] observed close 
contact of granule-containing cells with endothelial 
cells in the domestic fowl, and Kondo [16] prop- 
osed a secretory function for the granule- 
containing cells there. Since the vesicles in the 
endothelial cells are commonly accepted to in- 
volved in intracellular transport [18, 19], catecho- 
lamines contained in dense-cored vesicles might be 
released into the blood vessels. However these 
might also be structures facilitating blood gas 
uptake by glomus cells for chemoreception. On 
the other hand, the g-p connection suggests that 
the vascular tone might be modified by catechola- 
mine in glomus cell granules, if catecholamine 
releasing occurs in this region. 


Two types of synapses, efferent and afferent, 
were reported in toad carotid labyrinth [4] and in 
tortoise carotid artery [20]. Also in this study, 
afferent and efferent synapses were observed be- 
tween the nerve endings and glomus cells as de- 
scribed by Kobayashi [6]. Furthermore Yamauchi 
[21] reported reciprocal synapses in the toad caro- 
tid labyrinth. Serial sections suggested that all 
nerve endings may be reciprocal in the newt caro- 
tid labyrinth. 

In conclusion, the newt glomus cells may have a 
secretory function in addition to their chemorecep- 
tor function. 
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